Introduction ! Wounds are defined as physical injuries that result in an opening or break of the skin that causes a disturbance in the normal skin anatomy and function [1] . Wound healing can be grouped roughly into three different phases: the initial inflammation is followed by the granulation phase connected to reepithelialization and, in the end, the long-term process of remodeling [2] . The in-flammationsʼ onset happens immediately after injury. It is highly regulated and depends upon proinflammatory mechanisms, which are gradually counteracted by various anti-inflammatory pathways mediated by factors like interleukin 10 (IL-10), hormones, and neurotransmitters [2] . If the anti-inflammatory response prevails, the process turns into the next stage of granulation, and fibroblasts and keratinocytes migrate into the wound. Angiogenesis mediates capillaries to replace the fibrin matrix with granulation tissue, which depicts a substrate for keratinocyte migration at later stages. Maturation of the keratinocytes leads to a restoration of the epitheliumʼs barrier function [3] . Contraction of the wound is done by fibroblasts located at the woundʼs edge that differentiate into myofibroblasts producing extracellular matrix (ECM) [3] . The final stage is specified by the remodeling of the tissueʼs architecture [3] . In terms of wound healing, interleukin 6 (IL-6), interleukin 8 (IL-8), and vascular endothelial growth factor (VEGF) are key players in these processes. IL-6 has both pro-and anti-inflammatory properties. Tumor necrosis factor alpha-α (TNFα) depicts a physiologic stimulus to IL-6 [4] . As a member of the chemokine family, IL-8 possesses chemotactic properties attracting neutrophils.
Abstract ! Extracts prepared from the leaves of Phyllostachys edulis (bamboo) have received attention in pharmacological research due to their potent antitumor, anti-inflammatory, antimicrobial, and antiulcerogenic activities. In this study, anti-inflammatory effects of a bamboo leaf extract on tumor necrosis factor alpha-induced overproduction of interleukin 8, vascular endothelial growth factor, and interleukin 6 in immortalized human keratinocytes were investigated for the first time. In addition, wound-healing effects were evaluated in 3T3-swiss albino mouse fibroblasts. Bamboo leaf extract and isoorientin inhibited the tumor necrosis factor alpha-induced release of interleukin 8 and vascular endothelial growth factor. Furthermore, isoorientin dose-dependently reduced levels of interleukin 6 in tumor necrosis factor alphaα-treated immortalized human keratinocytes cells. Wound healing was evaluated using a mod-ification of the classical scratch assay. For evaluation of the wound gap, a new computerized method based on time-lapse microscopy was developed. It was shown that bamboo leaf extract (10 µg/mL) improved wound closure by 28 % (12 h) and 54% (24 h), respectively. In concentrations of 50 µg/mL and above, bamboo leaf extract inhibited cell migration without affecting cell viability. Isoorientin (10 µM) improved wound closure by 29 % (12 h) and 56% (24 h), respectively. Comparable to bamboo leaf extract, higher concentrations of isoorientin prevented cell migration. It is suggested that bamboo leaf extract as well as isoorientin have a dual activityin higher doses, they show anti-inflammatory effects, and in lower concentrations, they exert anti-angiogenic activities.
Furthermore, it induces neutrophils to release lysosomal enzymes [5] and downregulates collagen expression by fibroblasts [6] . Just like IL-6, its production is stimulated by the presence of TNF-α. VEGF is known to play a pivotal role in angiogenesis, but it is also involved in acute inflammatory processes. It can be considered a mitogen that regulates endothelial paracellular permeability and proliferation of mesenchymal cells. At the location of the wound and in the endothelial cells of the granulation tissue, VEGF and its receptors production are typically upregulated [7] . Cells in unhealed wounds constantly produce inflammatory mediators in an uncoordinated and self-sustaining phase of inflammation that impairs the restoration of anatomic and functional integrity in the normal period of time [8, 9] . Thus, a prolonged inflammatory phase leads to delayed wound healing. Several wound-healing strategies are therefore under development which target the major phases of cutaneous wound healing: inflammation, proliferation, and tissue remodeling. In this regard, medicinal plants have always been the focus of several research programs to identify compounds with potential anti-inflammatory and wound-healing properties [10] . Phyllostachys edulis (Carrière) J. Houz. (Poaceae) is one of the most important Chinese bamboo species economically [11] . While bamboo stems are widely used in furniture production, the leaves are a by-product during harvesting. Thus, research projects focusing on the valorization of bamboo leaf products towards utilization in the nutrition or cosmetic industry have gained considerable attention. It was shown that bamboo leaf extract exerts potent antitumor, anti-inflammatory, antimicrobial, and anti-ulcerogenic activities [12] [13] [14] [15] [16] . Recently, a special bamboo gauze coated with polymer and drug was developed as a surgical bandage to facilitate faster wound healing [17] . It was the aim of the present study to investigate the anti-inflammatory and wound-healing potential of P. edulis leaf extract in in vitro models in comparison to the flavonoid isoorientin, which was identified as one of the major compounds.
Results

!
In order to determine potential cytotoxic effects of bamboo leaf extract (BLE; 10-250 µg/mL), isoorientin (5-100 µM), and hydrocortisone (5-100 µM) in HaCaT cells, the MTT assay was used.
Treatment with the different test compounds for 24 h at indicated concentrations had no significant cytotoxic effects on Ha-CaT cells. The cell viability for hydrocortisone ranged between 100-113 %, for BLE between 100-103 %, and for isoorientin between 93-100 % ( Fig. 1S , Supporting Information). Thus, the extract concentration ranged from 25-250 µg/mL for subsequent experiments. Isoorientin (l " Fig. 1 ) was used in further experiments in concentrations ranging from 10-100 µM. Interestingly, hydrocortisone slightly increased cell viability in the used concentrations. However, no dose-dependent effect was observed. For subsequent experiments, hydrocortisone was used in a concentration of 10 µM (or 3.6 µg/mL, correspondingly). To investigate whether BLE or isoorientin inhibit TNF-α-induced IL-6, IL-8, and VEGF expression, HaCaT cells were treated with TNF-α (20 ng/mL) after the preincubation of cells for 6 h with the various treatments. The results were compared to those of hydrocortisone (10 µM or 3.6 µg/mL, correspondingly). BLE had no effect on the TNF-α-induced production of IL-6 (l " Fig. 2 A) . In contrast, isoorientin dose-dependently decreased IL-6 production in concentrations of 50 µM and 100 µM (l " Fig. 2 B) . As presented in l " Fig. 2 C, the upregulation of IL-8 by TNF-α treatment was dose-dependently reduced by BLE and isoorientin treatment (l " Fig. 2 D) . The effects on the TNF-α-induced production of VEGF are shown in l " Fig. 2 E and F. BLE significantly decreased TNF-αstimulated VEGF production in HaCaT cells; isoorientin dose-dependently decreased TNF-α-induced VEGF levels (l " Fig. 2 F) . The effects of BLE and isoorientin on the migration of 3T3 mouse fibroblasts were tested in an in vitro wound-healing model, in which wounds were generated using silicon culture inserts. Cells were allowed to migrate across the rectangular region of interest (ROI) into the center of the wound gap (width 450 µm) for 24 h at 37°C. A clear difference was observed between cells treated with DMEM (0% FCS) or with DMEM + 2% FCS (positive control) (l " Fig. 3 A-D). The addition of 2% FCS to the medium significantly increased cell migration over a period of 24 h resulting in a 65 % closed wound gap. In contrast, in cells treated with DMEM without any FCS supplementation, the wound closure was approximately 20% after an observation period of 24 h. BLE in a concentration of 10 µg/mL significantly increased the cell migration rate when compared to the 0 % FCS group (l " Fig. 3 A and C). A wound gap closure of approximately 55 % was observed after 24 h. In concentrations of 50 µg/mL and 100 µg/mL of BLE, no statistically significant effects versus the 0 % FCS control group were observed. However, multiple post hoc comparisons between groups revealed a significant difference between the 50 µg/mL and 100 µg/mL BLE groups (p < 0.01), indicating a stronger cell migration inhibitory effect in higher concentrations. Isoorientin-treated cells started to migrate into the ROI at 6 h after removal of the silicon insert (l " Fig. 3 B) . Interestingly, the 24-h migration rate was slightly higher in a concentration of 10 µM than in higher concentrations, and after 24 h, approximately 55% of the wound gaps were closed (l " Fig. 3 B) . In addition, treatment with 25, 50, and 100 µM of isoorientin could increase the overall migration rate within 24 h, although no difference between the various concentrations could be observed (l " Fig. 3 D) . Since the area under the curve (AUC) and migration rate measurements showed only small statistical differences between the treatment groups, further image analyses were performed. It was of special interest to compare the effects of BLE and isoorientin in lower concentrations (l " Fig. 4 ). Using long-term, time-lapse imaging, interval snapshots of predefined positions in the gap during 0 h, 6 h, 12 h, and 24 h were taken (l " Fig. 4 ). Detailed image analysis showed that after 24 h, BLE (10 µg/mL) and isoorientin (10 µM) significantly increased cell migration into the ROI when compared to the 0 % FCS negative control group. When compared to the 2 % FCS positive control group, BLE and isoorientin achieved a wound gap closure of 55% after 24 h.
Discussion
! Proinflammatory cytokines such as TNF-α and IL-6 are increased in the inflammatory phase of wound healing [2] . While TNF-α at low concentrations promotes wound healing by stimulation of inflammation, it has a destructive effect on wound repair in higher concentrations [2] . IL-6 is produced in epidermal cells, fibroblasts, and dermal endothelial cells under normal conditions, but it is also synthesized by inflammatory cells infiltrating the skin in different pathological conditions [18] . Therefore, the inhi-bition of proinflammatory mediators secreted from activated keratinocytes may be an effective therapeutic approach to regulate the progression of the wound-healing process. In the present study, the spontaneously immortalized human keratinocyte cell line HaCaT was used for the evaluation of antiinflammatory activities. HaCaT cells maintain normal keratinocyte morphology and full epidermal differentiation capacity and remain non-tumorigenic [19] . Like human primary keratinocytes, they produce cytokines and chemokines [20] , which are involved in the development of inflammatory skin diseases. Several plant extracts and natural compounds have been previously reported to have anti-inflammatory effects in activated keratinocytes [21] [22] [23] [24] . In the present study, we found that BLE could not prevent the TNF-α-mediated inflammatory response to IL-6 in HaCaT cells. It was demonstrated in a previous study that a hydroalcoholic extract prepared from the fresh leaves and branches of P. edulis significantly reduced IL-6 overproduction under lipotoxic conditions in murine C2C12, 3T3-L1, and Hepa6 cells [13] , most likely through the activation of NF-κB and AP-1 pathways. The different results of the two studies could be explained by either a different extract (fresh versus dry leaves) and/or different cell models. When cells were pretreated with isoorientin (50 µM and 100 µM), the secretion of IL-6 was significantly reduced, comparable to that of the positive control hydrocortisone. IL-6 inhibition by isoorientin was not due to a general cytotoxic effect, since cell viability in all cultures remained constant throughout the incubation period in the presence of all compounds tested. Anti-inflammatory activities of isoorientin have been reported in previous studies. For example, Conforti et al. [25] reported that isoorientin exerts significant anti-inflammatory activity through the inhibition of NO production in LPS-stimulated mouse macrophage RAW 264.7 cells, and Kupeli et al. [26] demonstrated a model of the inhibition of carrageenan-induced hind paw edema in mice. Further, our data on isoorientin are in good correlation with the data of Yuan et al. [27] who demonstrated that isoorientin significantly increased cell viability in mouse microglial (BV-2) cells, blocked the protein expression of inducible nitric oxide synthase and cyclooxygenase-2, and decreased the production of nitric oxide and proinflammatory cytokines, including TNF-α and IL-1β. VEGF and the chemokine IL-8 play an important role in skin inflammation and are produced by activated keratinocytes [28, 29] . It has been demonstrated that TNF-α activates epidermal cells and induces the production of VEGF and IL-8 [30, 31] . Both mediators are overexpressed in skin diseases that are associated with aberrant angiogenesis [32] [33] [34] . In the present study, BLE could reduce VEGF and IL-8 levels induced by TNF-α in HaCaT cells. Isoorientin, which was identified as the main flavonoid in BLE, significantly reduced the TNF-α-induced increase in VEGF and IL-8 production. To our knowledge, no data have been previously published on the effects of P. edulis extracts and isoorientin on the secretion of VEGF and IL-8. Isoorientin is one of the major active compounds in P. edulis that contributes to the moderate anti-inflammatory effects of the leaf extract by suppressing TNFα-induced production of proinflammatory cytokines (IL-6), chemokines (IL-8), and VEGF in HaCaT keratinocytes. Thus, isoorientin might have potential as a therapeutic agent for inflammatory skin diseases. However, how much other polyphenols contribute to the overall activity of this plant and to what extent interactions among fractions and compounds are important for the activity needs to be investigated in further studies. Interestingly, extracts derived from either P. edulis or other bamboo species have shown potential anti-inflammatory activities [12, 15, 35] . As mentioned previously, cutaneous tissue repair involves a complex reaction [36] . Fibroblasts play a critical role in normal wound healing. They are involved in key processes such as forming granulation tissue by proliferating and migrating, and creating new collagen structures to support the other cells associated with effective wound healing, as well as contracting the wound [37, 38] . Thus, it was of interest to investigate the effects of BLE as well as of isoorientin on this cell type to reveal if these compounds can contribute to the wound-healing process. We performed a modification of the classical scratch assay by using cell seeding stoppers, which were applied to the plate bottom. After the cells reached confluence, the inserts were removed causing a gap of 450 µm. The cells then migrated across the created gap. Long-term, time-lapse imaging was performed by taking interval snapshots of predefined positions in the gap during a 24-h period, thus minimizing errors compared to other methods that measure wound closure. This is an accurate and reproducible model to study wound healing by monitoring cell migration over an extended period. Wound closure was improved by 28 % (12 h) and 54% (24 h), respectively, in the presence of 10 µg/mL BLE. Interestingly, a higher concentration of BLE inhibited cell migration without affecting cell viability. Isoorientin at a concentration of 10 µM improved wound closure by 29% (12 h) and 56% (24 h), respectively. Similar to BLE, higher concentrations of isoorientin prevented cell migration into the area of interest without considerable toxic effects. Based on these findings, we hypothesize that the inhibition of cell migration of fibroblasts in a collagen matrix could be a result, in part, of the reduction of VEGF secretion. Our data show that TNFα-induced VEGF secretion was decreased at higher doses of BLE and isoorientin. We therefore suggest that BLE as well as isoorientin might have a dual activityin higher doses (> 100 µg/mL extract or > 25 µM isoorientin) the compounds show an anti-inflammatory effect, while in lower concentrations (≤ 10 µg/mL extract or ≤ 10 µM isoorientin), both compounds exert anti-angio-genic activities by inhibiting migration, possibly by prevention of VEGF secretion. In conclusion, natural accelerators of cutaneous tissue repair with simultaneous anti-inflammatory activities are of great interest for a variety of dermatological disorders. Thus, treatment with P. edulis leaf extract or isoorientin may be a potential therapeutic strategy to promote wound healing and to prevent inflammation in a persistent inflammatory condition. Further investigations of the precise mechanism by which P. edulis and isoorientin reveal anti-inflammatory as well as wound-healing properties are currently underway. 
Materials and Methods
Cell culture
Human HaCaT cells from histologically normal skin and Swiss 3T3 albino mouse fibroblasts (both from Cell Line Services) were maintained in Dulbeccoʼs modified Eagleʼs medium supplemented with 1% penicillin 10 000 U/mL/streptomycin 10 000 µg/ mL, and 10 % fetal calf serum (FCS) (all from LuBio Science) at 37°C in a humidified atmosphere containing 5 % CO 2 [19] . Fig. 1 ) was detected as one of the main flavonoids with an amount of 5.32 g/kg. A flavonoid profile of a bamboo leaf aqueous extract is shown in l " Fig. 1 .
Plant material and extract preparation
Cell viability assay
To assess cell viability, the MTT test was conducted. Therefore, 200 µL of the HaCaT cell suspension was seeded into 96-well plates at a concentration of 6 × 10 4 cells/well followed by an incubation period of 24 h (37°C, 5 % CO 2 ). After the incubation time, the medium was discarded and the cells were washed with 150 µL PBS. The samples solved in DMEM were added in a dilution series. All sample solutions were dissolved in serum-free medium. The extract was tested in concentrations of 10, 25, 50, 100, and 250 µg/mL hydrocortisone (positive control), and isoorientin was tested in concentrations of 5, 10, 25, 50, and 100 µM. Four independent experiments were conducted in triplicate. The controls consisted of wells with or without cells with pure DMEM or the solvent standard DMSO. After an incubation period of 24 h, 10 µL of MTT solution (5 mg/mL PBS) was added and again incubated for 2 h. The liquid was discarded before adding 100 µL of the cell lysis buffer consisting of 99.4 % DMSO, 0.6 % acetic acid, and SDS 0.1 g/mL. The optical density was read at 570 and 630 nm as a reference on a microplate reader (SpectraMax M2e). The viability was calculated according to the formula:
Viability ½% ¼ OD 570nm ðsampleÞ À OD 630nm ðsampleÞ mean OD 570nm ðcontrolÞ À mean OD 630nm ðcontrolÞ The experiments were executed utilizing cell culture passage numbers from 35 to 70.
Anti-inflammatory activity
The experimental setup as well as the concentration of TNF-α for these experiments was chosen according to Park et al. [23] , with some modifications. Briefly, HaCaT cells (7 × 10 5 cells per well, 12-well plates) were preincubated in a culture incubator for 6 h with or without the addition of different concentrations of BLE (25-250 µg/mL) or isoorientin (10-100 µM), or with the positive control hydrocortisone (10 µM) before adding the proinflammatory cytokine TNF-α. After a preincubation time of 6 h, TNF-α (20 ng/mL) was added, and the cells were incubated for a further 24 h. After a total incubation time of 30 h, VEGF, IL-8, and IL-6 were measured in cell supernatants using enzyme-linked immunosorbent assay kits as biomarkers of the anti-inflammatory response according to manufacturerʼs instructions. The absorbance was measured at 450 nm using a microplate reader (SpectraMax M2e).
Cell migration assay (wound-healing scratch assay)
After positioning the cell culture inserts in the 12-well dishes, the 3T3 mouse fibroblasts were inoculated in a concentration of 4 × 10 5 cells/mL into the collagen-coated wells. After an incubation time of 24 h, the cells reached confluence, and the inserts were removed causing a gap of 450 µm. The subsequent washing with 1 mL PBS was followed by the manual addition of a scratch on the side of the well by a 100-µL pipette tip. In different concentrations accordingly, the wells were charged with the test compounds. BLE and isoorientin were dissolved in DMEM containing 0.2 % FCS. DMEM supplemented with 2 % FCS was used as a positive control and 0% FCS (DMEM without supplements) was used as a negative control. Long-term, time-lapse imaging was performed using the Olympus IX83 automated inverted microscope platform for live cell imaging. Interval snapshots of predefined positions in the gap during 24 h were taken. Exact positions were defined in each gap of every well by using the Olympus software package cellSens Dimension 1.81 and the cells were observed for 24 h. BLE was in concentrations of 10, 50, and 100 µg/ mL, and isoorientin in concentrations of 10, 25, 50, and 100 µM. All experiments were conducted using passage numbers from 43 to 50.
Statistics
Data are shown as mean ± SD. All experiments were performed in triplicate, and each experiment was repeated four times. Statistical analysis of the data was carried out by one-way analysis of variance (ANOVA) followed by Dunnettʼs and Tukeyʼs multiple comparison tests using the software package GraphPad Prism (version 5.01, GraphPad Software, Inc.). In all cases, differences were considered significant if p < 0.05. The following computerized approach was used for evaluating cell migration: After selecting a rectangle (ROI) in the cell-free gap with appropriate software tools, the area was calculated in [µm 2 ] automatically and set as 0% µm 2 covered surface (defined as the area of region of interest, AoROI). Due to the migration of the cells into the ROI, the value for AoROI of the covered surface increased over time. The principle of measurement was based on a modified pixel counting by the software package. At t = 6, 12, 18, and 24 h, the AoROI was measured and its value was plotted in graphs. The AUC 24 h was computed by GraphPad Prism software and depicts the magnitude of wound closure in one value. Fig. 1S , showing the cell viability data, can be found as Supporting Information.
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